Abstract AIP (apoptosis-inducing protein) is a protein purified and cloned from Chub mackerel infected with the larval nematode, Anisakis simplex, which induces apoptosis in various mammalian cells including human tumor cell lines. AIP has shown structural and functional homology to Lamino acid oxidase (LAO) which oxidizes several L-amino acids including L-lysine and AIP-induced apoptosis has been suggested to be mediated by H 2 O 2 generated by LAO activity of AIP. In this study, we confirmed that recombinant AIP generated enough H 2 O 2 in culture medium to induce rapid apoptosis in cells and this apoptosis was clearly inhibited by co-cultivation with antioxidants such as catalase and Nacetyl-cysteine. Surprisingly, however, we found that AIP still could induce H 2 O 2 -independent apoptosis more slowly than H 2 O 2 -dependent one in HL-60 cells even in the presence of antioxidants. In addition, the HL-60-derived cell line HP100-1, which is a H 2 O 2 -resistant variant, underwent apoptosis on treatment with AIP with a similar delayed time course. The latter apoptosis was completely blocked by addition of L-lysine to the culture medium, which is the best substrate of AIP as LAO, indicating that decreased concentration of L-lysine in the culture medium by AIPtreatment induced apoptosis. We also showed that the both apoptosis by AIP were associated with the release of cytochrome c from mitochondria and activation of caspase-9, and overexpressed Bcl-2 could inhibit both of the AIPinduced apoptosis. These results indicate that AIP induces apoptosis in cells by two distinct mechanisms; one rapid and mediated by H 2 O 2 , the other delayed and mediated by deprivation of L-lysine, both of which utilize caspase-9/ cytochrome c system. Cell Death and Differentiation (2001) 8, 298 ± 307.
Introduction
Apoptosis is a physiological death essential to the normal development and homeostatic maintenance of multicellular organisms. 1, 2 Apoptosis refers to the morphological changes exhibited by actively dying cells that include cell shrinkage, membrane blebbing, and chromatin condensation. Many kinds of stimuli have been reported to induce apoptosis in a variety of mammalian cell systems. These include ligation of Fas, tumor necrosis factor receptors and other death receptors by their ligand or agonistic antibodies, 3 ± 7 deprivation of growth factors, and cytotoxic stimuli such as ionizing radiation, UV irradiation, and anticancer drugs. 1, 2 Recently, in addition to these well characterized stimuli, some L-amino acid oxidase enzymes (LAO) from snake venom were reported to induce apoptosis in mammalian cell lines, such as Apoxin I from rattlesnake venom. 8 ± 11 LAO might play a role in cell death caused by snake venom.
LAO (EC 1.4.3.2) is a dimeric flavoprotein which catalyzes the stereospecific deamination of an L-amino acid substrate to an a-keto acid along with the production of NH 3 and H 2 O 2 . We recently cloned a novel apoptosisinducing protein (AIP) from Anisakis-infected mackerels which is homologous in structure to LAO, 12 and this protein is also capable of generating H 2 O 2 in vitro by catalyzing the oxidation of some L-amino acids, especially L-lysine, indicating that AIP belongs to LAO family. Because AIP was specifically purified from fluid in capsules where parasites were confined in vermiculose mackerels, AIP was speculated to be involved in defense against parasites, but its actual role is still unclear. Since elucidation of the molecular mechanism of AIP-induced apoptosis might lead to better understanding of the physiological role of AIP, we investigated the molecular basis for apoptosis by AIP. In this study we demonstrate that AIP-induced apoptosis is mediated not only by H 2 O 2 but also by rapid depletion of Llysine, which is an essential amino acid, suggesting that depletion of lysine by AIP may play an important role in host defense by inhibiting maturation and/or growth of parasites.
Results

Expression and puri®cation of recombinant AIP protein
To study the molecular mechanism of AIP-induced apoptosis, we prepared purified recombinant AIP protein using a baculovirus expression system. Expression of AIP protein in insect cells infected with baculovirus encoding AIP cDNA was ascertained by Western blotting with anti-AIP mAb ( Figure  1A ). Recombinant AIP expressed in insect cells was purified by sequential column chromatography and the purity was confirmed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS ± PAGE) ( Figure 1B) . The apoptosisinducing activity of the purified recombinant AIP was compared with that of native AIP purified from mackerels infected with Anisakis.
12 Figure 1C clearly shows the recombinant AIP to possess the same specific activity as that of native AIP.
AIP-induced fast apoptosis is mediated by H 2 O 2
In amino acid sequence, AIP showed significant homology to L-amino acid oxidase (LAO), suggesting that AIP itself has LAO activity. In fact, AIP showed LAO activity, producing H 2 O 2 by oxidizing several L-amino acids including L-lysine. 12 To elucidate whether the apoptosis-inducing activity of AIP is associated with LAO activity, we quantified AIP-induced H 2 O 2 in RPMI 1640 medium. When the medium was incubated with AIP at 100 ng/ml, more than 80 mM H 2 O 2 was produced within 2 h (Figure 2A ), which is enough to induce apoptosis in HL-60 cells (data not shown). To establish whether AIP induced apoptosis is mediated by H 2 O 2 , the effects of antioxidants, catalase and N-acetyl-cysteine (NAC) were studied in AIPtreated cells. After 6 h incubation with AIP, apoptotic cells with subdiploid DNA were quantified by flow cytometer and agarose gel electrophoresis, and it was found that the antioxidants completely inhibited apoptosis induced by AIP ( Figure 2B,C) . These results show that AIP-induced fast apoptosis is mediated by H 2 O 2 .
AIP can also induce cell death independent of H 2 O 2 Interestingly, however, we found that AIP could induce apoptosis in HL-60 cells after incubation for 24 h in the presence of catalase. As shown in Figure 3A ,B, AIP at 100 ng/ml could not induce apoptosis in HL-60 cells within 8 h in the presence of catalase, but cell death came to be observed after 10 h incubation. The same result was obtained in the presence of NAC instead of catalase (data not shown), suggesting that this delayed cell death is not mediated by H 2 O 2 . This delayed cell death was accompanied by DNA fragmentation ( Figure 3B ), morphological changes such as membrane blebbing ( Figure 3C ), and chromatin condensation ( Figure 3D ), which are typical characteristics of apoptosis. In addition, the late cell death was blocked by a caspase inhibitor, z-VAD-fmk ( Figure 3B ), which is well known to inhibit apoptosis. Moreover, AIP could also induce apoptosis in the H 2 O 2 -resistant cell line HP100-1 derived from HL-60 cells. Apoptosis was observed in HP100-1 cells after 24 h incubation with 100 ng/ml of AIP, although cell death was never observed in HP100-1 cells after 24 h incubation with 1 mM 
AIP-induced delayed apoptosis is mediated by depletion of L-lysine
Since AIP produces H 2 O 2 by disrupting L-lysine as a main substrate, 12 which is an essential amino acid, we postulated that the delayed apoptosis induced by AIP is caused by rapid depletion of L-lysine from the medium. Then, we analyzed the effect of an excess of L-lysine on AIP-induced delayed apoptosis. When excess amounts of L-lysine (1 mg/ml) and antioxidants (catalase or NAC) were added to the culture medium before incubation with AIP, both the fast and the delayed apoptosis were clearly suppressed in HL-60 cells ( To confirm that AIP-induced delayed apoptosis is mediated by rapid depletion of L-lysine from the culture medium, we designed the following experiment. RPMI 1640 medium containing 10% FBS (RPMI+FBS) was preincubated with 100 ng/ml AIP and catalase for 24 h and subsequently, the LAO activity of AIP was inactivated by heating for 30 min at 808C. Then, this conditioned medium containing neither H 2 O 2 nor active AIP was analyzed for activity to induce apoptosis in HL-60 cells. Figure 5A ,B shows that HL-60 cells died by apoptosis after cultivation with the conditioned medium for 24 h at 378C. Interestingly, the apoptosis was completely inhibited by adding 40 mg/ml L-lysine to the conditioned medium, while other essential amino acids could not suppress the apoptosis. Control RPMI+FBS medium with AIP, which had been heatinactivated without pre-incubation, did not show any apoptosis-inducing activity, indicating that the cell death was not induced by the remaining LAO activity of the heat- To directly show the depletion of L-lysine from culture medium by AIP, we analyzed amino acid levels in culture medium after treatment with or without AIP for 24 h in the presence of catalase. As shown in Figure 5C ,D, L-lysine was specifically depleted in AIP-treated culture medium, while the levels of other amino acids were not changed significantly. Then, we examined whether the synthetic culture medium without L-lysine could induce apoptosis by using RPMI 1640 SELECT-AMINE Kit (Life Technologies, Gaitherburg, MD, USA). Figure 5E shows that DNA fragmentation associated with apoptosis was observed in HL-60 cells after 24 h cultivation at 378C with synthetic RPMI 1640 without L-lysine containing 10% FBS dialyzed against PBS. All the results show that the delayed apoptosis induced by AIP is caused by depletion of Llysine from culture medium.
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Both the fast and the delayed apoptosis are associated with release of cytochrome c from mitochondria and activation of caspase-9/-3
We further examined the molecular mechanisms of both fast and delayed apoptosis induced by AIP. In both cases, the apoptosis was clearly accompanied by the activation of caspase-3 ( Figure 6A ). These results together with the finding that the caspase inhibitor Z-VAD-fmk suppresses both pathways of apoptosis ( Figures 2B and 4) clearly indicate that AIP-induced fast and delayed apoptosis is mediated by activated caspases. Then, we examined what type of signals to be utilized in the activation of caspase-3 in fast and delayed apoptosis. Figure 6B shows that the release of cytochrome c from mitochondria to cytosol accompanied both the fast and the delayed apoptosis induced by AIP and was not inhibited by Z-VAD-fmk, indicating that the release was induced upstream of the activation of caspases. Since cytochrome c release has been reported necessary for the activation of caspase-9 with the help of Apaf-1, 13 we analyzed the activation of caspase-9 by Western blotting. Caspase-9 was activated in both pathways of AIP-induced apoptosis ( Figure 6C ). We also examined whether caspase-8, which is another initiator caspase, was activated in AIP-induced apoptosis. As shown in Figure 6C , the active p18 fragment of caspase-8 was not observed in AIP-induced apoptosis, although partial processing of the caspase-8 was observed in AIP-induced H 2 O 2 dependent apoptosis. In contrast with AIP-induced apoptosis, we could detect the active p18 fragment clearly in caspase-8-dependent Fas-induced apoptosis (data not shown). These results suggest that AIP can induce apoptosis in various cells by two different molecular mechanisms, both of which, however, utilize the Apaf-1/caspase-9/cytochrome c system to activate the caspase cascade.
Both the fast and the delayed apoptosis are blocked by Bcl-2
To support the idea that both of the fast and delayed apoptosis by AIP utilize mitochondria-dependent pathway, we analyzed whether Bcl-2 could inhibit AIP-induced apoptosis using a human lymphoma cell line, HPB-ALL and its Bcl-2-overexpressing cell line, HPB-ALL/Bcl-2. We confirmed that HPB-ALL/Bcl-2 cells strongly express Bcl-2 protein by Western blotting ( Figure 7A ). Apoptosis was detected in AIP-treated cells by staining with Annexin V-FITC and PI ( Figure 7B ). Annexin V was shown to recognize the exposed phosphatidylserine at the surface of the apoptotic cells, and PI does not stain early apoptotic cells, but stains late apoptotic and necrotic cells. After 6 h incubation with 200 ng/ml AIP, 27.8% of the population were detected as Annexin V-FITC-positive and PI-negative cells (early apoptotic cells). After 48 h incubation with 200 ng/ml AIP in the presence of 5000 units/ E Figure 5 Apoptosis-inducing activity of AIP-treated conditional medium. Conditioned medium was prepared as follows. AIP at 100 ng/ml was added to RPMI 1640 containing 10% FBS, and the medium was heated for 30 min at 808C to inactivate AIP before [AIP (0 h)] or after [AIP (24 h)] pre-incubation for 24 h at 378C. After two washes with PBS, HL-60 cells were cultured with the AIP-treated and heat-inactivated conditioned medium for 24 h with or without additional essential amino acids, that is, 40 mg/ml L-lysine (K), 50 mg/ml L-leucine (L), 15 mg/ml L-phenylalanine (F), or combinations of them (K+L+F). (A) Cell viability was analyzed by MTS assay (Promega) (B) DNA was extracted from the cells and analysed by 2% agarose gel electrophoresis. (C,D) RPMI 1640 medium containing 10% FBS for cultivation of HL-60 cells was incubated with or without 100 ng/ml of AIP for 24 h in the presence of catalase and then the remaining amino acid level of the medium was monitored as described in Materials and Methods (C). Standard one letter symbols for amino acids are shown, and`orn' indicates ornithine. Concentration of amino acids in the culture medium incubated with or without 100 ng/ml AIP for 24 h were quantified as described in Materials and Methods (D).`Hyp' indicates hydroxyproline. (E) HL-60 cells were washed with PBS and then cultured at 378C for 24 h with synthetic RPMI 1640 without L-lysine containing 10% FBS dialyzed against PBS. After 24 h cultivation, DNA was extracted from the cells and fragmented DNA was detected by agarose gel electrophoresis
Two different apoptosis-inducing mechanisms by AIP M Murakawa et al ml catalase, 11.0% of the population were Annexin V-FITCpositive and PI-negative. In contrast, both of H 2 O 2 -dependent and -independent apoptosis by AIP could not be detected by Annexin V-FITC staining in HPB-ALL/Bcl-2 cells ( Figure 7B ). Essentially the same results were obtained by analyses of DNA fragmentation and nuclear fragmentation detected by Hoechst staining (data not shown). These data strongly suggest that both of AIP induced fast and delayed apoptosis are mediated by Bcl-2-inhibitable mitochondria-dependent pathway.
Discussion
Recently, we purified and cloned a novel apoptosis-inducing protein (AIP) from Chub mackerel infected with the larval nematode, Anisakis simplex. 12 The amino acid sequence of AIP deduced from the cloned cDNA suggested that AIP is a member of L-amino acid oxidase (LAO). And AIP was shown to have LAO activity catalyzing the oxidation of L-lysine. In this report, we reconfirmed that the apoptosis-inducing activity of AIP with a rapid time course is mediated by H 2 O 2 generated by catalyzing oxidation of L-amino acids in culture medium. However, we also found that AIP showed an apoptosisinducing activity with a delayed time course when H 2 O 2 was disrupted by catalase. This H 2 O 2 -independent delayed apoptosis-inducing activity was indicated to be mediated by depletion of L-lysine from culture medium. Thus, AIP can induce apoptosis in various cells by two different molecular mechanisms.
Previously, Suhr et al. showed that LAO purified from Korean snake venom induced apoptosis in mammalian cells and suggested the LAO-induced apoptotic mechanism to be distinguished from the H 2 O 2 -induced one. 9 We presume that the apoptosis they observed might be also caused by depletion of L-amino acids from the culture medium. Figure 6 Immunoblot analysis of AIP-induced caspase-3/-8/-9 cleavage and cytochrome c release from mitochondria. HL-60 cells were incubated with or without 200 mM Z-VAD-fmk or 1 mg/ml L-lysine and then treated with 100 ng/ml AIP in the presence or absence of 5000 units/ml catalase for the periods indicated. Cell lysates (30 mg/lane) were separated by 15% PAGE and subjected to immunoblot analysis with anti-caspase-3 antibody (A). Soluble cytosolic fractions (10 mg/lane) were electrophoresed and subjected to immunoblot analysis with anti-cytochrome c mAb (B). Cell lysates (30 mg/lane) were separated by 12% PAGE and subjected to immunoblot analysis with anti-caspase-8 or anti-caspase-9 antibody (C)
In this study, we indicated that depletion of L-lysine from culture medium can cause apoptosis in HL-60 cells. Several previous studies showed that depletion of a specific amino acid induces cell death. L-asparaginase which resolves L-asparagine was reported to be effective in eliminating some lymphoma cells as an anticancer reagent, 14 ± 16 suggesting that depletion of L-asparagine induces the death of some lymphoma cells. In addition, indoleamine 2,3-dioxigenase (IDO) which resolves Ltryptophane was recently indicated to play an important role in prevention of allogenic fetal rejection through elimination of maternal immunocytes specific for an allotype of fetus. 17 We suspect that L-asparaginase and IDO induce apoptosis in lymphoma cells and immunocytes, respectively. Actually, IFN-g-induced induction of IDO was reported to cause apoptosis in IDO-expressing cells. 18 Thus, apoptosis-induction by depletion of a specific amino acid has physiological roles such as elimination of cancer cells and prevention of allogenic fetal rejection. AIP might also play a physiological role in the prevention of mackerels from becoming infected with parasites such as Anisakis. In fact, significant amounts of AIP were found in the inner cavity of capsules surrounding Anisakis, where Anisakis stays at larva III stage without maturing to imagines (S-K Jung and S Yonehara, unpublished observations). AIP may suppress the maturation of Anisakis in the capsules although no such inhibition has been shown to be directly induced by AIP.
We analyzed the target cell specificity of AIP, and found that AIP induces apoptosis in a wide variety of cultured human and murine cells including lymphoid cells, fibroblasts and epithelial cells (M Murakawa, S-K Jung and S Yonehara, unpublished observations). The two different apoptosis-inducing mechanisms of AIP may confer the broad target cell specificity. Some lymphoma cells were reported to produce antioxidant molecules. For example, human T cell leukemia virus I-infected cells and human acute lymphoblastic leukemia cell line CEM were reported to secrete thioredoxin and catalase, respectively.
19 ± 21 AIP might still be able to induce apoptosis in these cells producing various antioxidant molecules through the H 2 O 2 -independent mechanism. AIP actually induced apoptosis in HP100-1 cells overexpressing catalase, 22 which are resistant to H 2 O 2 -induced cell death (Figure 4) , and some ATL-derived cell lines (data not shown). Thus, AIP or AIP homologues may be clinically useful to induce apoptosis in cancer cells even if the cancer cells show antioxidant activity.
Here we show that both of apoptosis-inducing activities of AIP were mediated by the release of cytochrome c from mitochondria upstream of the activation of caspases. The released cytochrome c activates caspase-9 with the help of Apaf-1, and activated caspase-9 induces the activation of caspase-3 and other downstream caspases. 13, 23 The activated caspases were reported to directly induce apoptosis by cleaving many so-called death substrates 24 such as PARP, 25 MST 26, 27 and ICAD/DFF-45. 28 ± 30 AIP induces two different apoptosis-inducing signals, generation of H 2 O 2 and depletion of L-lysine, and these signals were shown to converge in the release of cytochrome c from mitochondria. It remains to be resolved how these two different signals induce the release of cytochrome c. 
Materials and Methods
Reagent
Anti-AIP mAb was prepared as described. 12 Anti-cytochrome c mAb, anti-Bcl-2 antibody and anti-caspase-3 antibody were purchased from PharMingen (San Diego, CA, USA). Anti-caspase-8 mAb and antiCaspase-9 antibody were purchased from Medical & Biological Laboratories (Nagoya, Japan) and New England Biolabs (Beverly, MA, USA), respectively. Benzyloxycarbonyl-Val-Ala-Asp-CH 2 OC(O)-2,6-dichlorobenzene (Z-VAD-fmk) was purchased from Peptide Institute (Osaka, Japan) and dissolved in dimethyl sulfoxide (DMSO) at 20 mM. Catalase, N-acetyl-cysteine (NAC) and all other chemicals employed in this study were purchased from Wako Pure Chemicals (Tokyo, Japan), Nacalai tesque (Kyoto, Japan), or Sigma (St. Louis, MO, USA).
Cell lines and cell culture
Human promyelocytic leukemia cell line HL-60, HL-60-derived H 2 O 2 -resistant cell line HP100-1 22 and human lymphoma cell line HPB-ALL were maintained in RPMI 1640 medium (Nissui, Tokyo, Japan) supplemented with 10% (v/v) fetal bovine serum, 20 mM HEPES (pH 7.4), 50 mM b-mercaptoethanol, 50 units/ml penicillin, and 50 mg/ml streptomycin. The Sf9 insect cells (Invitrogen, Carlsbad, CA, USA) were maintained in IPL-41 medium (Life Technologies, Gaithersburg, MD, USA) supplemented with 10% (v/v) heat-inactivated fetal bovine serum.
Expression and puri®cation of recombinant AIP
Recombinant AIP was prepared with the Bac-to-Bac Baculovirus Expression System (Life Technologies, Gaitherburg, MD, USA) as follows. Recombinant baculovirus harboring AIP was generated by transfection of Sf9 cells with recombinant bacmid generated by cloning the entire coding sequence of AIP cDNA into pFastBacI vector. Sf9 cells were infected with the baculovirus and cultured for 84 h. After one wash with cold PBS, cells were frozen in liquid nitrogen. Cell pellets were thawed on ice and suspended in 30 ml of 250 mM Tris-HCl (pH 8.0) containing 1 mM PMSF, and cells were disrupted by four cycles of freezing in liquid nitrogen and thawing at 378C. After centrifugation for 10 min at 10 000 r.p.m. at 48C, the supernatant was applied to a Con A-Sepharose column (12 ml, Pharmacia Biotech, Uppsala, Sweden). Fractions containing apoptosis-inducing activity were eluted with 72 ml of PBS containing 0.5 M Metyl a-D-Mannopyranoside and concentrated with an Ultrafree-15 centrifugal filter (Millipore Corp., Bedford, MA, USA). The concentrated material was loaded on a Hiload 16/60 Superdex 200 column (Pharmacia Biotech) in 20 mM Bis-TrisHCl (pH 6.5) containing 5 mM NaCl and eluted with the same buffer. Fractions containing apoptosis-inducing activity were collected, concentrated, and subsequently loaded on a Mono Q column (Pharmacia Biotech). The column was eluted with a 18 ml gradient of 5 mM ± 1 M NaCl, and the fractions containing apoptosis-inducing activity were concentrated and then loaded again on a Hiload 16/60 Superdex 200 column in PBS. The fractions containing AIP were collected and the purity was confirmed by SDS ± PAGE and staining the gel with a two-dimensional silver stain kit (Daiichi, Tokyo, Japan).
H 2 O 2 release assay
RPMI 1640 medium (100 ml/sample) was incubated with AIP at various concentrations, 20 units/ml peroxidase and 500 mg/ml o-Phenylendiamine (OPD) at 378C. Then, the quantity of the generated H 2 O 2 was determined by measuring absorbance at a wavelength of 450 nm under a spectrophotometer.
Quanti®cation of subdiploid cells
HL-60 cells were pretreated with or without 200 mM Z-VAD-fmk, 1 mg/ ml L-lysine, or antioxidants (5000 units/ml catalase or 10 mM NAC) for 1 h, and then cells were treated with 100 ng/ml AIP for 6 or 24 h. Cells were harvested, fixed in 70% ethanol, treated with RNase A (100 mg/ ml) in PBS, and stained with propidium iodide solution (50 mg/ml in PBS). Cells were analyzed using a FACScan flow cytometer (Becton Dickinson, Braintree, MA, USA).
DNA fragmentation assay
Cells (5610 5 ) were suspended in 100 ml of 10 mM Tris-HCl (pH 7.5) containing 10 mM EDTA, 0.5% Triton X-100 and 200 mg/ml RNase A and incubated for 10 min at room temperature. After centrifugation at 15 000 r.p.m. for 20 min at 48C, the supernatant was incubated for 1 h at 378C. Then, 1 ml of 20 mg/ml Proteinase K was added, and the solution was incubated for an additional hour. DNA was precipitated with 50% isopropanol containing 420 mM NaCl, dissolved in TE solution, separated in 2% agarose gels, and stained with ethidium bromide. The stained gels were photographed on a UV transilluminator. Annexin V-FITC/PI labeling assay HPB-ALL cells were treated with 200 ng/ml AIP for 6 or 48 h in the presence of catalase. Apoptotic cells accompanied with the exposure of phosphatidylserine at the cell surface without breakdown of cell membrane were stained by Annexin V-FITC and PI using MEBCYTOApoptosis Kit (Medical & Biological Laboratories, Nagoya, Japan) according to manufacturer's instructions and analyzed by EPICS flow cytometer (Beckman Coulter, Inc., Fullerton, CA, USA).
MTS assay
Quanti®cation of amino acid composition
HL-60 cells were cultured in phenol red-free RPMI 1640 medium containing 10% FBS with or without 100 ng/ml AIP in the presence of catalase for 24 h. After removing the cells, the medium was filtered off by UFV5 BCC filter (Millipore Corp., Bedford, MA, USA) to remove protein, and 10 ml of the filtrate was loaded onto a column packed with Ion Exchange Resin equipped on an L-8500 amino acid analyzer (Hitachi Instruments Service Co., Tokyo, Japan) using citrate buffers and lithium chroride gradient. Amino acids in the eluate were monitored by post-column reaction with ninhydrin.
Western blot analysis
For quantification of cytochrome c outside of mitochondria, a soluble cytosolic fraction was prepared essentially as described. 31 In brief, cells were washed once with ice-cold PBS, and then the cell pellet was suspended in five volumes of ice-cold buffer (20 mM Hepes-KOH pH 7.4, 10 mM KCl, 1.5 mM MgCl 2 , 1 mM EDTA, 1 mM EGTA, 1 mM DTT, 1 mM PMSF, 3.8 mg/ml aprotinin). After sitting on ice for 15 min, cells were disrupted using a Dounce homogenizer with a loose-fitting pestle. After five strokes, the cell suspension was centrifuged at 10 0006g for 10 min at 48C and the supernatant was further centrifuged at 100 0006g for 1 h. The resulting supernatant was used as the soluble cytosolic fraction. For immunoblotting of Actin, Bcl-2 and caspase-3/-8/-9, cells were washed once with ice-cold PBS, and resuspended in lysis buffer (20 mM Hepes-KOH pH 7.4, 150 mM NaCl, 1 mM EDTA, 1% Triton X-100, 1 mM PMSF, 3.8 mg/ml aprotinin). After sitting on ice for 20 min, the cytosolic fraction was obtained by centrifugation at 15 000 r.p.m. for 20 min, subjected to electrophoresis on a 12 or 15% SDS-polyacrylamide gel, and then electrophoretically transferred to a polyvinyliden difluoride membrane (Millipore Corp.). The membrane was blocked with TBST (20 mM TrisHCl pH 7.5, 150 mM NaCl, 0.1% Tween 20) containing 5% skim milk for 1 h at room temperature, and each antibody was applied in the same blocking solution. After 1 h incubation at room temperature, membranes were washed with TBST and incubated for 1 h with horseradish peroxidase-conjugated anti-rabbit (for Actin, Bcl-2 and caspase-3/-9) or anti-mouse (for caspase-8) IgG (Amersham Pharmacia Biotech, Little Chalfont, UK). The specific signals were detected on X-ray films using Renaissance chemiluminescence reagent (NEM Life Science Products, Boston, MA, USA).
